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(g) Method of making electrical contacts to gate structures In Integrated clreuits. 

(5?) Contacts to the gate electrode (7) of a first field-effect transistor and the source/drain region (5) of a 
second field-effect transistor are fomned by fomiing four insulating layers (9,11,13,15), adjacent layers 
having different etching characteristics (e.g. altemath^ oxide and nitride layers) etching windows In the 
top two layers (13,15). fonming skjewalls (21) on the windows, etching windows in the next layer (11), 
using the sidewalls as a mask, and then etching windows in the bottom layer (9) using the previously 
etched layer (11) as a mask. A conductor layer (e.g. pdisilicon or silicide) is then put down and makes 
contact through the windows. The size of the windows fbnmed in the bottom layers, and thus of the 
contacts, is smaller than the size of the windows etched in the upper layers, and may be smaller than the 
lithographic limit 
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Technical Field 

This invention relates generally to the field of Inte- 
grated circuit manufacturing and specifically to a 
method of fonning electrical contacts to, for example, 
the gate electrodes of devices in the integrated circuit. 

Backflround of the invention 

As integrated circuits increase in size and com- 
plexity, techniques which reduce the space needed 
for an individual circuit without adding undue proces- 
sing complexity continue to be important. In devising 
appropriate processing sequences, attention must be 
given, not only to the fabrication of the individual 
devices in the circuit, but also to how the devices will 
be electrically contacted and connected to each other. 
The considerations associated with electrical con- 
tacts and interconnections are important for all Inte- 
grated circuits, including static random access 
memories which are commonly referred to by the 
acronym SRAM. 

Such memories typically use a memory cell with 
either six field-effect transistors or with four such tran- 
sistors and two load resistors. Two of the transistors 
are connected to fomi a flip-flop; i.e., the gate and 
source/drain region of the first transistor are connec- 
ted to the source/drain region and gate, respectively, 
of the second transistor. This connection is typically 
fabricated from polysilicon. Although polysilicon is 
electrically conductive, better attributes, such as 
lower contact resistance, could be expected if a sili- 
cide could be used. Each cell stores one bit of infor- 
mation in a single word and is accessed through word 
and bit lines. 

In many prior art circuits, the gate contact to an 
individual transistor is made over the field oxide to a 
gate runner which extends from the active device reg- 
ions onto the field oxide. This type of contact is also 
used in types of integrated circuits other than SRAMs. 
Although this contact results in a less economical use 
of space than if the gate were contacted directiy over 
the active device regions, it is widely used because of 
difficulties encountered in electrically contacting the 
gate over the active device region without inadver- 
tentiy and disastrously contacting the active device 
regions located on opposite sides of the gate struc- 
ture. These difficulties become greater as device 
dimensions decrease, i.e., as feature dimensions 
become smaller and the tolerances for registration 
errors decrease. Of course, even if the gate structure 
is contacted over the field oxide, a small window 
exposing the gate structure is desirable because it 
minimizes any problems that might arise from window 
misalignment witii respect to the gate and 
source/drain regions. 



Summary of the invention 

A method of integrated circuit nnanufacture com- 
prising the steps of making a plurality of field-effect 
5 transistors, each comprising source and drain regions 
and a gate structure, and being disposed on a com- 
mon substrate, and making an electrical contact to at 
least said gate structure of at least one of said field- 
effect transistors, said step of making an electrical 

10 contact comprising the furtiier steps of fonming first, 
second, third, and fourth insulating layers having first, 
second, third, and fourth compositions, respectively, 
over said plurality of said field-effect transistors, adja- 
cent layers having different etching characteristics; 

IS patterning a resist over said fourth layer to expose 
selected portions of said fourth layer, at least one of 
said portions being generally over at least said gate 
structure of a first transistor, etching sakl exposed 
portion of said fourth and third layers to form windows 

20 which expose portk)ns of said second layer, forming 
sidewalls on said windows; etching said exposed por- 
tions of said second and first layers using saM 
sidewalls and said second layer, respecthrely, as etch 
masks to expose at least said gate structure; and 

25 fonning a patterned conductor regton contacting at 
least gate structure of said first transistor. 

in one emtx>diment, the conductor comprises 
polysilicon. in a preferred embodiment, the polysilicon 
is siticided. In another preferred emt>odiment, the 

30 polysilicon electrically connects the source/drain reg- 
ion of a first transistor to the gate structure of a second 
transistor. 

Brief Description of the Drawing 

35 

FIGs. 1-6 are sectional views Hlustrating steps in 
one processing sequence according to this invention 
which are used to fomn a gate contact to a transistor 
in an integrated circuit and to interconnect two transis- 
40 tors in the integrated circuit 

For reasons of clarity, the elements depbted are 
not drawn to scale and some elements, well known to 
tiiose skilled in the art, are omitted. 

4S Detailed Description 

A sectional view of a portion of an integrated cir- 
cuit is shown in FIG. 1 at an intermediate step in a fab- 
rication sequence according to this invention. The 

so integrated circuit has a plurality of field-effect transis- 
tors which have source and drain regions and a gate 
structure. Deptoted are substrate 1, field oxide 3, 
source/drain regions 5, gate structures 7, first insulat- 
ing layer 9, second insulating layer 1 1 , third insulating 

55 layer 1 3, fourth insulating layer 1 5, and patterned res- 
ist layer 17. The gate structures belong to different 
field-effect transistors whk:h are disposed on a com- 
mon substrate. The source/drain regions further have 
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lightiy doped and silicide regions 51 and 53, respect- 
ively. The gate structures further comprise sidewalls 
71 and silidde region 73. 

The structure depicted is fonmed with techniques 
that are well known to those skilled in the art. Some 5 
comments will, however, lead to a k>etter understand- 
ing of the Invention. The substrate is typically single 
crystal silicon which may include an epitaxial layer. 
The source/drain regions are conventional and typi- 
cally include the lightly doped regions as well as the io 
silicided portk>ns depicted. The top of the gate struc- 
ture typically comprises a conductive material such as 
the silicide depicted. Adjacent insulating layers 
should have etching selectivity with respect to each 
other, i.e., there should be an etchant which will attack is 
the exposed layer furthest from the substrate, but not 
the underiying layer. The Insulating layers typically 
comprise deposited silicon oxides and nitrides. The 
oxides may have small amounts of dopants, such as 
boron or phosphorus, present. Such dopants may, for 20 
example, increase etching selectivity. For example, 
layers 9 and 13 may be oxides and layers 11 and 15 
may be nitrides. Oxide layers 9 and 13 may comprise, 
e.g., TEOS and BPTEOS, respectively, although 
other deposited oxides may be used. TEOS is 25 
obtained from the decomposition of tetraethylorihosi- 
lane, and BPTEOS is similariy obtained but also com- 
prises B and P. BPTEOS is desirat>le for the top layer 
because it can be removed by a wet etch with a selec^ 
tivity, with respect to the undoped oxides, of about 50: 30 
1 . The oxide layers will typically have thicknesses be- 
tween 0.1 and 0.5 microns and the nitride layers will 
typically be less than 0.05 microns thick. The resist 
layer is typically an organic photoresist which has 
been patterned to expose selected portions of the top 35 
nitride, i.e., fourth layer which are generally over those 
portions of the devices which will be electrically con- 
tacted. For example, windows may be over the gate 
structure of a first transistor and the source/drain reg- 
ion of a second transistor. The window for the gate 40 
contact may be over either active device region or 
field oxide. 

Standard etching techniques are used to remove 
the exposed portions of layer 15. e.g.. the second nit- 
ride layer. Standard etching techniques are then used 45 
to remove the now exposed portbns of layer 13, e.g., 
the second oxide layer, that is, the exposed portions 
of the fourth and third layers are etched to expose por- 
tions of the second layer. The photoresist layer is 
rernoved using conventional techniques. A fifth so 
insulating layer 19, typically comprising an oxide such 
as BPTEOS, is now deposited with a thickness of 
approximately 0.3 microns. The thickness should be 
sufficient so that sidewalls covering the edge of nitride 
Iayer15remainafteranetchback. The resulting struc- 55 
ture is depicted in FIG. 2. 

Oxide layer 19 is now etched back to produce the 
structure depicted in FIG. 3. Nitride layer 15 acts as 



an etch step layer, i.e., layers 15 and 19 have a high 
etch selecth^ity witii respect to each other. As can be 
seen, the depositton and etchback steps produce a 
plurality of oxide sidewall spacers 21 and expose 
selected portions of the underiying nitride layer 11. 
The BPTEOS layers and sidewall spacers are now 
used as an etch mask for conventional and well 
known etch techniques which remove the exposed 
portions of the thin nitride layer 1 1 , e.g., the first nitride 
layer. It does not matter that the remaining portion of 
layer 15 is also removed. The resulting structure is 
depicted in FIG. 4. 

Conventional etching techniques are used to 
remove the exposed portions of the first insulating 
layer 9, e.9., first oxide layer. Nitride layer 1 1 acts as 
a mask for this etching step. Portions of the 
source/drein region of a first transistor and of the gate 
structure of a second transistor are now exposed. As 
will be appreciated by those skilled in the art, at least 
portions of the second oxide; i.e., BPTEOS, layer and 
of the BPTEOS oxide sidewall spacers are removed 
by this etching step. The resulting structure is depic- 
ted In FIG. 5. An additional implantation step may be 
performed, if necessary, to prevent electrical shorts. 

The oxide of layer 13 that remains at>ove the first 
nitride layer in FIG. 5 is removed by, e.g., a wet etch^ 
and a layer 23 is deposited and patterned. Layer 23 
comprises a conductor such as polysiiicon. The wet 
etch should have a high selectivity with respect to the 
oxide of layer 9 so that there is no undercutting of the 
sidewalls of the window. Layer 23 will form the con- 
tacts to the device regtons and between the devices. 
As shown, layer 23 runs between the source/drain 
region of a firet transistor and the gate s;tnjcture of a 
second transistor. If desired, conductivity increasing 
steps, such as silicidation, may also be performed. As 
depicted, layer 23 has a silicide region 25 on top. Sili- 
cidation may be complete; I.e., It may consume all of 
the polysiiicon. The resulting structure is depicted in 
FIG. 6. 

The structure depicted has at least several desi- 
rable features. For example, the windows to both the 
source/drain region and to the gate structure are 
. smaller than the windows printed in the resist The 
actual window size is thus smaller than is the printed 
size and may be smaller than the lithographic limit. 
Additionally, the layer that passes over the gate struc- 
ture, without contacting it, and is well isolated electri- 
cally from the gate by both layers 5 and 11. 

Those skilled in the art will readily appreciate that 
the structure depicted can be used in an SRAM and 
that the silicide has low contact resistance. The struc- 
ture depicted has still other advantages over typical 
prior art structures. For example, the gate contact and 
the drain region can be relatively close to each other 
because the first and second insulating layers, as well 
as the insulating sidewalls on the gate structure, 
increase the tolerance for registration errors. 



3 



5 



EP0 465 056 A2 



6 



Additionally, if a salicide (self-aligned silicide) process 
is used, the gate staicture and the source/drain reg- 
ions can be salicided at the same time. 

Variations of the process described are contem- 
plated. For example, it will be readily understood that, 
although layers 5, 7, 9, and 1 1 are described in terms 
of oxide and nitride compositbns, it is only important 
that they have etch rate differentials, i.e., adjacent 
layers having different etching characteristics, and 
that other compositions can be used. It will also be 
apparent to those skilled in the art that oxides having 
etch rate differentials with respect to each other can 
be considered as having different compositions, even 
though they may have nominally identical 
stoichiometries. The compositional differences are 
due to structural differences. 




Claims 



1. A method of integrated circuit manufacture com- 
prising the steps of making a plurality of field-ef- 
fect transistors, each comprising source and 
drain regions (e.g. 5) and a gate structure (e.g. 7), 
and being disposed on a common substrate (e.g. 

I ) and making an electrical contact to at least said 
gate structure (e.g. 7) of at least one of said field 
effect transistors, said step of making an electri- 
cal contact comprising the further steps of form- 
ing first, second, third, and fourth insulating layers 
(e.g. 9, 11, 13, 15) having first, second, third, and 
fourth compositions, respectively, over said 
plurality of said field>effect transistors, adjacent 
layers having different etching characteristics; 

patteming a resist (e.g. 17) oversaklfourth 
layer (e.g. 1 5) to expose selected portions of said 
fourth layer (e.g. 15). at least one of said portions 
being generally over at least said gate structure 
(e.g. 7) of a first transistor; 

etching said exposed portions of said 
fourth and third layers (e.g. 15, 13) to form win- 
dows which expose portions of said second layer 
(eg. 11); 

forming sidewalts (e.g. 21) on said win- 
dows; 

etching said exposed portions of said sec- 
ond and first layers (e.g. 11. 9) ushg said 
sidewalls (e.g. 21) and said second layer (e.g. 

II) , respectively, as etch masks to expose at 
least said gate structure (e.g. 7); and, 

fomning a patterned conductor region (e.g. 
23) contacting at least gate structure (e.g. 7) of 
sakJ first transistor. 

2. A method as recited in claim 1 in which saki con- 
ductor comprises polysilicon. 

3. A method as recited in claim 2 comprising the 



further step of siliciding said polysllkx>n. 

4. A method as recited in daim 1 in which said step 
of forming sidewalls comprises the steps of 

5 depositing a fifth insulating layer (e.g. 1 9) having 

a fifth composition and etching back to expose 
portions of said fourth layer (e.g. 1 5). 

5. A method as recited in daim 4 in which at least 
10 one of said windows is generally 'Over a 

source/drain regbn (e.g. 5) of a second transis- 
tor. 

6. A method as recited in daim 5 in which said pat- 
15 temed conductor (e.g. 23) contacts said 

source/drain region (e.g. 5) of said second tran- 
sistor thereby electrically connecting sakl first 
and said second transistors. 

20 7. A method as recited in daim 1 in whk:h said first 
and third layers (e.g. 9, 13) comprise sDicon 
oxides. 

8. A method as recited in daim 7 in which said third 
25 and fourth layers (e.g. 13, 15) comprise, a siicon 

nitride. 

9. A method as recited in daim 8 in whtoh said fifth 
compositk>n comprises a silicon oxide. 

30 
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(g) Method of making electrical contaiets to gate structures in integrated circuits. 

(g) Contacts to the gate electrode (7) of a first fi^d-effect transistor and the source/drain region (5) of a 
second field-effect transistor are formed by forming four insulating layers (9.11.13,15). adjacent layers 
having different etching characteristics (e.g. alternative oxide and nitride layers) etching windows in the 
top two layers (13.15), fomning sidewalls (21) on the windows, etching windows in the next layer (11), 
using the sidewalls as a mask, and then etching windows in the bottom layer (9) using the previous^ 
etched layer (11) as a mask. A conductor layer (e.g. polisilicon or silidde) is then put down and makes 
contact through the windows. The size of the windows formed in the bottom layers, and thus of the 
contacts. Is smaller than the size of the windows etched in the upper layers, and may be smaller than the 
lithographic limit 
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